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(57) Abstract 

Apparatus for power system communications includes a coupler (14) at each of two or more locations along a pair 
of power-lines the coupler having a pair of serial LC circuits with an air coil. A transmitter (FA), a receiver (FB), and a 
modem (20) is also provided at each of the locations such that each of the LC circuits of the couplers (14) resonate at a 
given frequency. The apparatus incorporate novel non-linear transformers which eliminate the signal from the power line 
and its harmonics, and which permit rapid transmission of signals for communications and other uses. 
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S&at i s claimed iS: ' 
15:' -power line conununication apparatus comprising; 

Sill "modulator means for modulating a carrier signal having a 
loirs': frequency; 

!# r ~' transmitter means coupled to said modulator means for 
8$tansmitting said modulated carrier signal having said first 

frequency to coupler means and; 
f coupler means comprising capacitor means electrically 

r- connected to a power line and air-core transformer means coupled 
to said transmitter means, said transformer means transmitting 
said modulated carrier signal having said first frequency through 
said capacitor means and over said power line. 

"2 / The Dower line communication apparatus of claim 1 
wherein said transformer means comprises a primary coil having 
a first diameter, said primary coil being coupled to said _ 
capacitor means, and a secondary coil having a second smaller 
diameter, said secondary coil extending coaxially within said 
primary coil such that an air gap is created between said primary 

and said secondary coils. ■ 

3 3 The power line communication apparatus of claim 1 
wherein said air-core transformer functions as a capacitively 
coupled transformer, having a capacitor between the primary and 
secondary coils of the transformer. 

"4-) The power line communication apparatus of claim 1 
■further' comprising second coupler means comprising second 
capacitor means and second air-coil transformer means for 
receiving carrier signals having a second frequency over a power 
line; 

receiver means connected to said coupler means for receiving 
said carrier signals having a second frequency from said coupler 

means ; 

and demodulator means for processing said carrier signal 
having a second frequency received from said receiver means . 

■5.1 The communications apparatus according to claim 2 
wherein the ratio of the number of turns of said primary to 
secondary coils is about one to one. 

6".? The communications apparatus according to claim 2 
wherein a static capacitance is created between the primary and 
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^secondary windings of said coils which function as a high^pJw ' 
|8£ filter with the secondary windings. 

ffifc 7 .? The power line communication means of claim 4 ■wherein 

I Said second air-coil transformer means comprises a primary coil 
■ having a first diameter, said primary coil being coupled to said 

capacitor means and a secondary coil having a second smaller 

diameter, said second coil extending coaxially within said 

primary coil such that an air gap is created between said primary 

and said secondary coils. 

8 J The communication apparatus according to claim 1, 

wherein said first frequency is less than about 1 Megahertz. 

9* The communication apparatus according . to claim 1 

wherein said first frequency that is less than about 160 

kilohertz . 

10.' The communication apparatus according to claim 1 
wherein said first frequency comprises a power level of about " 
twenty decibels above any other frequency. 

The communication apparatus according to claim 2 
wherein said air-coil transformer means comprises impedance 
matching means such that the primary coil resistivity for 
transmission and reception at carrier frequency is about eaual 
to the input impedance of the power line. 

12. The communications apparatus according to claim 1, 
wherein said coupler means resonates at said first carrier' 
'frequency. 

13'. The power "line communication apparatus of claim 1 
wherein said transmitter means simultaneously transmits at least 
a second carrier signal having a second frequency through said 
coupler means. 

14\ Power line communication ..apparatus comprising;. 

modem means for transmitting first carrier signals having 
a first frequency over a power line for receiving second carrier 
signals having a second frequency from a power line; and 

coupler means connected between said modem means and said 
power line, said coupler means including air-coil transformer 
means for transmitting or receiving said first and second carrier 
signals over said power line. 

15. Communication apparatus for a pair of power-lines, 
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comprising : 



first coupling means, including a pair of serial LC 
circuits, coupled to the pair of power-lines; 

first transmitter means, coupled to said first coupling 
means, for transmitting signals carried by a first carrier 
frequency across the pair of power-lines; 

first receiver means, coupled to said first coupling 
means, for receiving signals carried by a second carrier 
frequency from the pair of power-lines; 

first modem means, coupled between said first 
transmitter means and said first receiver means, for modulating 
said signals to be carried by said first carrier frequency and 
for demodulating said signals carried by said second carrier 
frequency; 

second coupling means, including a pair of serial LC 
elements, coupled to the pair of power-lines; 

second transmitter means, coupled to said second 
coupling means, for transmitting said signals to be carried by 
said second carrier frequency across the pair of power-lines; 

second receiver means, coupled to said second coupling 
means, for receiving said signals carried by said first carrier 
frequency from the pair of power-lines; and 

second modem means, coupled between, said second 
transmitter means and said second receiver means, for modulating 
said signals to be carried by said second carrier frequency and 
for demodulating said signals carried by said first carrier 
frequency. 

i : 6T The duplexing apparatus according to claim 15, wherein 
one of said serial LC circuits of both of said first and second 
coupling means comprises a first plurality of capacitors and a 
first air coil including primary and secondary windings, the 
diameter of said primary winding being greater than the diameter 
of said secondary winding thereby creating an air coil between 
said primary and secondary windings, while the other serial LC 
circuit comprises a second plurality of capacitors and a second 
air coil including primary and secondary windings, the diameter 
of said primary winding being greater than the diameter of said 
secondary winding thereby creating an air core between said 
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primary and secondary windings, wherein said first plurality of 
capacitors are connected together in parallel between one of the 
power-lines and said primary winding of said first air coil, said 
primary winding of said first air coil thereafter being serially 
connected to the other power-line, and said secondary winding of 
said first air coil is connected to its respective transmitter 
means, and wherein said second plurality of capacitors are 
serially connected together between said one of the power-lines 

and said primary winding of said second air coil, said primary 

winding of said second air coil thereafter serially connected to 

the other power-line . 

"I7\ The communications apparatus according to claim 15, 

wherein said first and second coupling means each have a 

bandwidth of less than about 500 Jcilohertz . 

18\ The communications apparatus according to claim 15, 

wherein said first and second coupling means each have a 

bandwidth of less than about 100 kilohertz . 

1? : : The communications apparatus according to claim 15 

wherein the primary and secondary windings of said first and 

second air coils function as a phase shift non-linear 

transformer. 

201 The communications apparatus according to claim 15 
wherein the primary and secondary windings of said first and 
second air coils function as a capacitively coupled transformer. 

21. The communications apparatus according to claim 15 
wherein the ratio of the number of turns of said primary to 
secondary coil in said first air coil means is about one to one. 

22T The communications apparatus according to claim 15 
wherein the ratio of the number of turns of said primary to 
secondary coil in said second air coil means is about one to one. 

"231 The communications apparatus according to claim 15 
wherein the created capacitance created between the primary and 
secondary windings of said air coils function as a high-pass 
filter with the secondary windings, 

24. The communications apparatus according to claim 15 
wherein the primary windings with the plurality of capacitors 
function as a band-pass filter. 

25! The communications apparatus according to claim 15 
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/ wherein said first plurality of capacitors includes resistor 

/ means to evenly divide down the voltage over said first plurality 

of capacitors. 

26'. The communication apparatus according to claim 25 
wherein said second plurality of capacitors includes resistor 
means to evenly divide down the voltage over said second 
plurality of capacitors. 

27\ The communication apparatus according to claim 25 
wherein said first plurality of capacitors resonates with the 
primary winding of said first air coil. 

28 : • The communication apparatus according to claim 25 
wherein said second plurality of capacitors resonates with the 
primary winding of said first air coil. 

•29. In a power line communication apparatus, an improved, 
coupler comprising capacitor means coupled to a power line and 
air-core transformer means comprising a primary coil having a" 
first diameter, said primary coil being coupled to said capacitor 
means, and a secondary coil extending coaxially within said 
primary coil such that an air gap is created between said primary 
and secondary coils. 
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